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57 ABSTRACT

A signal transmission method suitable for DDR for driving
a connecting pad includes a level shifting circuit including
up and down level shifters, a buffer circuit including up and
down buffer units, and an output circuit. The level shifting
circuit, disposed between a DDR operating voltage and a
ground voltage, receives an input signal in a first operating
voltage equal to the ground voltage and a second operating
voltage smaller than the DDR operating voltage. The up
buffer unit is disposed between the DDR operating voltage
and a first reference voltage, and the down buffer unit is
disposed between the ground voltage and a second reference
voltage equal to the second operating voltage. The up and
down level shifters adopt IO devices, and other components
adopt core devices. The first reference voltage is a difference
between the DDR operating voltage and the second refer-
ence voltage.

12 Claims, 6 Drawing Sheets
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1
SIGNAL TRANSMISSION CIRCUIT
SUITABLE FOR DDR

This application claims the benefit of People’s Republic
of China application Serial No. 201410299368.2, filed Jun.
27, 2014, the subject matter of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a signal transmission
circuit, and more particularly to a signal transmission circuit
suitable for DDR.

2. Description of the Related Art

DDR SDRAM is an acronym of double-data-rate syn-
chronous dynamic random access memory. DDR is first
proposed by Samsung in 1996, and is a memory specifica-
tion collaboratively defined by eight manufacturers includ-
ing NEC, Mitsubishi, Fujitsu, Toshiba, Hitachi, T1, Samsung
and Hyundai. DDR also gained supported from main chipset
manufacturers including AMD, VIA and SiS. Being an
upgrade version of the common SDRAM, DDR is also
referred to as SDRAM II. One critical feature of the DDR
technology is that, data can be transmitted at rising edges
and falling edges of clocks, and so the data transmission
speed can be doubled without changing the clock rate. As
such, DDR is extensively applied in various signal process-
ing systems.

In general, an integrated circuit is roughly divided into a
core portion and an input and output (I0) portion. The 10
portion bridges the communication to the external for the
core portion. In addition to transmitting core signals gener-
ated by the core portion to outside the integrated circuit via
a connecting pad, the IO portion also needs to transmit
external signals sent from the external to the connecting pad
further to the core portion for processing. It is required that
the operating voltage of the core portion be reduced with
demands of the increasing operating speed and power saving
effect of electronic products. Similarly, to increase the
transmission efficiency of external signals between inte-
grated circuits, the driving voltage of new-generation exter-
nal signals is also lowered. Take a double-data-rate three
synchronous dynamic random access memory (DDR3
SDRAM) for example. The specified operating voltage of
the DDR3 SDRAM is 1.5V, whereas the operating voltages
of the DDR1 and DDR2 SDRAMSs are 2.5V and 1.8V,
respectively. In the latest DDR4, the operating voltage is
reduced to even as low as 1.2V.

Two devices can be manufactured from a semiconductor
wafer by a conventional semiconductor manufacturing pro-
cess—a core device and an IO device. Generally, core
devices have a faster speed and a stronger driving capability
but can withstand a lower voltage difference. That is, all
conducting ends (e.g., the gate, source and drain) of a core
device can have a lower voltage difference, e.g., 1.1V. On
the other hand, 10 devices have a slower speed and a weaker
driving capability but can withstand a greater voltage dif-
ference. That is, all conducting ends (the gate, source and
drain) of an IO device can have a greater voltage difference,
e.g., 1.5V. For example, when the IO device and the core
device are both MOS devices, the gate oxidation layer in the
10 device is thicker than the gate oxidation layer in the core
device, such that the 10 device has better robustness for
withstanding higher voltage stress.

FIG. 1 shows a current signal transmission circuit 10
suitable for DDR, e.g., DDR3, to transmit high-speed clock
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signals or data signals. As shown in FIG. 1, the current signal
transmission circuit 10 drives a connecting pad 15, and
includes a level shifting circuit 11, a buffer circuit 12 and an
output circuit 13. The output circuit 13 includes a pull-up
circuit 13a and a pull-down circuit 135. The buffer circuit 12
includes an up buffer unit 12a¢ and a down buffer unit 125,
and the level shifting circuit 11 includes an up level shifter
11a and a down level shifter 1156. The up level shifter 11a
and the down level shifter 115 of the level shifting circuit 11
receive an input signal IN. For example, the input signal IN
is a square-wave signal formed by a first operating voltage
Vsscore and a second operating voltage Vddcore, e.g., a
square-wave signal formed by OV and 1.1V. Components in
the signal transmission circuit 10 are all implemented by 10
devices. For example, inverters in the up level shifter 11a,
the down level shifter 115, the up buffer unit 124 and the
down buffer unit 125 are all disposed between an operating
voltage Vddio (1.5V) and a ground voltage Vssio (0V), and
a pull-up transistor PMOS T1 and a pull-down transistor
NMOS 13¢ in the pull-up circuit 13a and the pull-down
circuit 136 are capable of withstanding a 1.5V voltage
difference (Vddio-Vssio). Further, the voltage difference
between two operating voltages of the input signal IN
corresponds to the output of the core circuit, and is usually
smaller, e.g., smaller than the DDR3 operating voltage
Vddio (1.5V). In the signal output circuit 10, a pull-up
transistor PMOS and a pull-down transistor NMOS in the
pull-up circuit 13a and the pull-down circuit 135 are imple-
mented by 10 devices having weaker capabilities. That is, to
satisfy DDR3 driving specifications, an extremely large
semiconductor area is required.

The signal transmission circuit may also reduce the
required semiconductor area by adopting core devices. FIG.
2 shows another current output circuit 23 for replacing the
output circuit 13 in FIG. 1. Pull-up transistors PMOS PH1
and PH2 and pull-down transistors NMOS NL1 and NL.2 in
the output circuit 23 are implemented by core devices. The
gate of the pull-up transistor PMOS PHI1 receives a logic
signal Sp having high and low logic levels of 1.5V and 0.4V,
respectively, and the gate of the pull-up transistor PMOS
PH2 is connected to a reference voltage having a voltage of
0.4V. The gate of the pull-down transistor NMOS NL2
receives another reference voltage Vbn having a voltage of
1.1V, and the gate of the pull-down transistor NMOS NL1
receives another logic signal Sn having high and low logic
levels of 1.1V and 0V, respectively. The high logic level
refers to a voltage level of a signal when the signal is at logic
“1”, and the low logic level refers to a voltage level of a
signal when the signal is at logic “0”. The pull-up transistors
PMOS PH1 and PH2 are connected in series, and the
pull-down transistors NLL1 and NL.2 are connected in series.
Such series connection prevents the core devices (pull-up
transistors T1 and T2 and pull-down transistors T3 and T4)
operating at a 1.1V operating voltage from damages caused
by higher operating voltages (e.g., 1.5V).

However, in the output circuit 23, between the gates of the
pull-up transistor PMOS PH2 and the pull-down transistor
NMOS NL2 and the connecting pad 24 is an extremely large
parasitic capacitance. To prevent unstable signals of the
reference voltages Vbp and Vpn received at the gates of the
pull-up transistor PMOS PH2 and the pull-down transistor
NMOS NL2, very large decoupling capacitors C1 and C2
need to be connected to the gates of the pull-up transistor
PMOS PH2 and the pull-down transistor NMOS NL2,
respectively, to eliminate or alleviate the effects that the
signal change at the connecting pad 24 has on the reference
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voltages Vbp and Vbn. The decoupling capacitors C1 and
C2 may further occupy a substantial semiconductor area.

Therefore, there is a need for a signal transmission circuit
suitable for DDR to solve the above issues.

SUMMARY OF THE INVENTION

The invention is directed to a signal transmission circuit
suitable for DDR. The signal transmission circuit of the
present invention has a stronger driving capability, a smaller
semiconductor area and a higher stability.

The present invention provides a signal transmission
circuit suitable for DDR adapted to drive a connecting pad.
The signal transmission circuit includes a level shifting
circuit, a buffer circuit and an output circuit. The level
shifting circuit includes an up level shifter and a down level
shifter. The up level shifter and the down level shifter are
disposed between a DDR operating voltage and a ground
voltage, and receive an input signal (IN) to respectively
output a first shift signal and a second shift signal. The input
signal includes a first operating voltage and a second oper-
ating voltage. The first operating voltage is equal to the
ground voltage, and the second operating voltage is a driving
voltage of a core device and is smaller than the operating
voltage. The buffer circuit includes an up buffer unit and a
down buffer unit. The up buffer unit is disposed between the
DDR operating voltage and a first reference voltage, and is
coupled to an output of the up level shifter to receive the first
shift signal to output a first logic signal according to the first
shift signal. The down buffer unit is disposed between the
ground voltage and a second reference voltage, and is
coupled to an output of the down level shifter to receive the
second shift signal to output to a second logic signal
according to the second shift signal. The output circuit
includes a pull-up circuit and a pull-down circuit. The
pull-up circuit is coupled to the up buffer unit to selectively
output the DDR operating voltage to the connecting pad
according to the first logic signal. The pull-down circuit is
coupled to the down buffer unit, and selectively outputs the
ground voltage to the connecting pad according to the
second logic signal. The up level shifter and the down level
shifter adopt input and output (IO) devices to correspond-
ingly output the first shift signal and the second shift signal,
respectively. The up buffer unit, the down buffer unit, the
pull-up circuit and the pull-down circuit adopt core devices.
The second reference voltage is equal to the second oper-
ating voltage, and the first reference voltage is a difference
between the DDR operating voltage and the second refer-
ence voltage.

The present invention provides following features com-
pared to the prior art. In the signal transmission circuit
suitable for DDR of the present invention, only the up level
shifter and the down level shifter adopt 10 devices to
correspondingly output the first shift signal and the second
shift signal, respectively, while other components adopt core
devices. Therefore, signal transmission circuit suitable for
DDR of the present invention has a stronger driving capa-
bility and occupies a smaller semiconductor area. The up
level shift and the down level shifter are capable of stably
outputting the first shift signal and the second shift signal by
utilizing the first reference voltage and the second reference
voltage, and hence have a higher stability.

The above and other aspects of the invention will become
better understood with regard to the following detailed
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4

description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of a current signal transmission
circuit suitable for DDR;

FIG. 2 is a circuit diagram of another current output
circuit;

FIG. 3 is a circuit diagram of a signal transmission circuit
for DDR according to an embodiment of the present inven-
tion;

FIG. 4 is a circuit diagram of an up level shifter according
to an embodiment of the present invention;

FIG. 5 is a circuit diagram of a down level shifter
according to an embodiment of the present invention; and

FIG. 6 is a timing diagram of a first logic signal and a
second logic signal in FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 3 shows a schematic diagram of a signal transmis-
sion circuit suitable for DDR according to an embodiment of
the present invention. DDR3 with a 1.5V operating voltage
is given as an example for explaining the present invention.
In other embodiments, the signal transmission circuit of the
present invention may be applied to other types of DDR,
e.g., DDR3L with a 1.35V operating voltage or DDR4 with
a 1.2V operating voltage.

As shown in FIG. 3, a signal transmission circuit 100
suitable for DDR of the present invention is adapted to drive
a connecting pad 101, and includes a level shifting circuit
110, a buffer circuit 120 and an output circuit 130.

The level shifting circuit 110 includes an up level shifter
111 and a down level shifter 112. The up level shifter 111 and
the down level shifter 112 are disposed between a DDR3
operating voltage Vddio (1.5V) and a ground voltage Vssio
(0V), and receive an input signal IN. The input signal IN is
a square-wave signal formed by a first operating voltage
Vsscore and a second operating voltage Vddcore. The first
operating voltage Vsscore and the ground voltage Vssio are
equal, and are OV. The second operating voltage Vddcore
corresponds to a driving voltage of core devices, and may be
set to 1.1V, which is smaller than the DDR3 operating
voltage Vddio (1.5V).

The up level shifter 111 and the down level shifter 112
correspondingly output a first shift signal Sspf and a second
shift signal Ssfn according to the input signal IN as well as
the DDR3 operating voltage Vddio (1.5V) and the ground
voltage Vssio (0V), respectively.

The buffer unit 120 includes an up buffer unit 121 and a
down buffer unit 122. The up buffer unit 121 is disposed
between the DDR operating voltage Vddio (1.5V) and a first
reference voltage Vbp, and is powered by the DDR operat-
ing voltage Vddio and the first reference voltage Vbp.
Further, the up buffer unit 121 is coupled to the up level
shifter 111, and generates a first logic signal Sp according to
the first shift signal Ssfp. The down buffer unit 122 is
disposed between the ground voltage Vssio and a second
reference voltage Vbn, and is powered by the ground voltage
Vssio and the second reference voltage Vbn. Further, the
down buffer unit 122 is coupled to the down level shifter
112, and generates a second logic signal Sn according to a
second shift signal Sstn. The second reference voltage Vbn
is equal to the second operating voltage Vddcore (1.1V) in
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the input signal IN. The first reference voltage Vbp is equal
to a difference between the DDR operating voltage Vddio
and the second reference voltage Vbn; that is, Vbp=Vddio-
Vddcore=1.5V-1.1V=0.4V.

The up buffer unit 121 and the down buffer unit 122 may
be formed by multiple cascade inverters, respectively. In the
embodiment, two cascade inverters are depicted, and are
utilized to reduce capacitive loads of the up level shifter 111
and the down level shifter 112.

The output circuit 130 includes a pull-up circuit 131 and
a pull-down circuit 132. The pull-up circuit 131, disposed
between the DDR3 operating voltage Vddio and the con-
necting pad 101, is coupled to an output of the up buffer unit
121 to receive the first logic signal Sp, and selectively
outputs the operating voltage Vddio to the connecting pad
101 according to the first logic signal Sp.

Similarly, the pull-down circuit 132, disposed between the
ground voltage Vssio and the connecting pad 101, is coupled
to an output of the down buffer unit 122 to receive the
second logic signal Sn, and selectively outputs the ground
voltage Vssio to the connecting pad 101 according to the
second logic signal Sn.

More specifically, the pull-up circuit 131 mainly includes
switch elements T1 to T3. One person skilled in the art can
understand that, each switch element described below
includes a control end, a first path end and a second path end.
The switch elements may be implemented by transistors.
Thus, the control end of a switch element is the gate of the
transistor, the first path end is a source-drain of the transistor
and the second path end of the switch element is another
source-drain of the transistor.

The switch element T1 has its control end coupled to the
output end of the up buffer unit 121 via a resistor R1 to
receive the first logic signal Sp, and its first path end coupled
to the DDR3 operating voltage Vddio (1.5V). The switch
element T2 has its control end coupled to the output end of
the up buffer unit 121 to receive the first logic signal Sp, its
first path end coupled to the second path end of the switch
element T1, and its second path end coupled to the connect-
ing pad 101 via a resistor R2. The switch element T3 has its
control end coupled to the first reference voltage Vbp, its
first path end coupled to a connecting node between the
second path end of the switch element T1 and the first path
end of the switch element T2, and its second path end
coupled to a connecting node between the second path end
of the switch element T2 and the resistor R2.

Similarly, the pull-down circuit 132 mainly includes
switch elements T4 to T6. The switch element T4 has its
control end coupled to the output end of the down buffer unit
122 via a resistor R3 to receive the second logic signal Sn,
and its first path end coupled to the ground voltage Vssio.
The switch element T5 has its control end coupled to the
output end of the down buffer unit 122 to receive the second
logic signal Sn, its first path end coupled to the second path
end of the switch element T4, and its second path end
coupled to the connecting pad 101 via a resistor R4. The
switch element T6 has its control end coupled to the second
reference voltage Vbn, its first path end coupled to a
connecting node between the second path end of the switch
element T4 and the first path end of the switch element T5,
and its second path end coupled to a connecting node
between the second path end of the switch element T5 and
the resistor R4.

The pull-up circuit 131 may further include a switch
element T7 and a diode D1. The switch element T7 has its
control end coupled to the control end of the switch element
T3 and the first reference voltage Vbp, and its first path end
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and second path end coupled to the DDR3 operating voltage
Vddio. The diode D1 is couple in reverse between the
connecting pad 101 and the DDR operating voltage Vddio.
More specifically, the diode D1 has its anode coupled to a
connecting node between the resistor R2 and the resistor R4
and the connecting pad 101, and its cathode coupled to the
DDR3 operating voltage Vddio.

Similarly, the pull-down circuit 132 may further include
a switch element T8 and a diode D2. The switch element T8
has its control end coupled to the control end of the switch
element T6 and the second reference voltage Vbn, and its
first path end and second path end coupled to the ground
voltage Vssio. The diode D2 is coupled in reverse between
the ground voltage Vssio and the connecting pad 101. More
specifically, the diode D2 has its anode coupled to a con-
necting node between the resistor R2 and the resistor R4 and
the connecting pad 101.

The switch elements T1, T2, T3 and T7 in the pull-up
circuit 131 are first-type switch elements, and may be PMOS
transistors in this embodiment. The switch elements T4, T5,
T6 and T8 in the pull-down circuit 132 are second-type
switch elements, and may be NMOS ftransistors in the
embodiment. That is, the type of the first-type switch ele-
ments is opposite the type of the second-type switch ele-
ments.

In the present invention, the up level shifter 111 and the
down level shifter 112 adopt 10 devices to correspondingly
output the first shift signal Ssfp and the second shift signal
Ssfn, respectively. Other elements, e.g., the up buffer unit
121, the down buffer unit 122, the pull-up circuit 131 and the
pull-down circuit 132 all adopt core devices.

That is to say, as shown in FIG. 3, the up level shifter 111
and the down level shifter 112 may be disposed between the
DDR3 operating voltage Vddio (1.5V) and the ground
voltage Vssio (0V), and are powered by the DDR3 operating
voltage Vddio (1.5V) and the ground voltage Vssio (0V).
The voltage difference between the two ports of the up level
shifter 111 and the down level shifter 112 are higher, and
exceeds 1.1V. Therefore, the up level shifter 111 and the
down level shifter 112 need to adopt IO devices to be able
to withstand higher voltage stress.

The voltage differences between all conducting ends of
the other elements are lower, and are equal to or lower than
1.1V. Therefore, the other elements may adopt core devices
having a faster speed. For example, the up buffer unit 121 is
disposed between the DDR3 operating voltage Vddio (1.5V)
and the first reference voltage Vbp (0.4V), with the voltage
difference between these two ports not exceeding 1.1V, and
so these two elements may adopt core devices. The down
buffer unit 122 is similar to the up buffer unit 121. Details
of the pull-up circuit 131 and the pull-down circuit 132 are
to be given shortly.

FIG. 4 shows a circuit diagram of an up level shifter
according to an embodiment of the present invention. As
shown in FIG. 4, the up level shifter 111 mainly includes five
inverters INV1 to INVS and ten transistors T11 to T20.

The five inverters INV1 to INVS5 are disposed between the
first operating voltage Vsscore (0V) and the second operat-
ing voltage Vddcore (1.1V) of the input signal IN, and are
powered by the operating voltage Vsscore (0V) and the
second operating voltage Vddcore (1.1V). The inverter
INV1 has its input end coupled to the input signal IN, and
the inverters INV1 to INV3 are connected in series to output
an invert signal Sinv of the input signal IN. The inverter
INV4 has its input end coupled to an output end of the
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inverter INV2 to connect the inverters INV1, INV2, INV4
and INVS5 in series to output a non-inverted signal Snon of
the input signal IN.

The switch element T11 has its control end coupled to an
output end of the inverter INV3 to receive the inverted signal
Sinv of the input signal, and its first path end coupled to the
ground voltage Vssio.

The switch element T12 has its control end coupled to an
output end of the inverter INV5 to receive the non-inverted
signal Snon of the input signal IN, and its first path end
coupled to the ground voltage Vssio.

The switch element T13 has its control end coupled to the
control end of the switch element T12 and an output end of
the inverter INV5 to receive the non-inverted signal Snon of
the input signal IN, and its first path end coupled to a second
path end of the switch element T12.

The switch element T14 has its control end coupled to the
second reference voltage Vbn, its first path end coupled to a
connecting node between the second path end of the switch
element T12 and the first path end of the switch element
T13, and its second path end coupled to the second path end
of the switch element T13.

The switch element T15 has its first path end coupled to
the DDR3 operating voltage Vddio, and its second path end
and control end coupled together and further coupled to the
second path end of the switch element T11. A connecting
node between the second path end and the control end of the
switch element T15 and the second path end of the switch
element T11 is defined as a node A.

The switch element T16 has its control end coupled to the
node A, and its first path end coupled to the DDR3 operating
voltage Vddio.

The switch element T17 has its control end coupled to the
first node A, and its first path end coupled to a second path
end of the switch element T16.

The switch element T18 has its control end coupled to the
first reference voltage Vbp, its first path end coupled to a
connecting node between the first path end of the switch
element T17 and the second path end of the switch element
T17, and its second path end coupled to the second path end
of the switch element T17 and further coupled to the second
path end of the switch element T13 and the second path end
of the switch element T14. Further, a connecting node
between the second path end of the switch element T18, the
second path end of the switch element T17, the second path
end of the switch element T13, and the second path end of
the switch element T14 is defined as a node B.

The switch element T19 and the switch element T20 both
have their control ends coupled to the node B. The switch
element T19 has its first path coupled to the DDR3 operating
voltage Vddio, and the switch element T20 has its first path
end coupled to the first reference voltage Vbp and its second
path end coupled to the second path end of the switch
element T19. Further, a connecting node between the second
path end of the switch element T20 and the second path end
of the switch element T19 serves as the output end of the up
level shifter 111 to output the first shift signal Ssfp.

The switch elements T11, T12, T13, T14 and T20 are
second-type switch elements, i.e., NMOS transistors; the
switch elements T15, T16, T17, T18 and T19 are first-type
switch elements, i.e., PMOS transistors.

The operating principle of the up level shifter is described
in detail below. Referring to FIG. 3 and FIG. 4, as the input
signal IN is a square-wave signal formed by the first
operating voltage Vsscore (0V) and the second operating
voltage Vddcore (1.1V), the high and low logic levels of the
input signal IN are 1.1V and 0V, respectively. The high logic
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8

level refers to a voltage level of a signal when the signal is
at logic “1”, and the low logic level refers to a voltage level
of a signal when the signal is at logic “0”.

When the input signal IN is at logic low “0”, the inverted
signal Sinv of the input signal IN outputted by the inverter
INV3 in FIG. 4 is at logic high “1”, and so the switch
element T11 is turned on; the non-inverted signal Snon of
the input signal IN outputted by the inverter INV5 is at logic
low “0”, and so the switch elements T12 and T13 are turned
off.

As the switch element T11 is turned on, the ground
voltage Vssio discharges the node A through the turned on
switch element T11, and the node A becomes logic low “0”.
The switch elements T15, T16 and T17 formed by PMOS
transistors are all turned on. Further, as the control end of the
switch element T18 is coupled to the first reference voltage
Vbp (0.4V), i.e., at logic low “0”, and so the switch element
T18 is turned on. Thus, the DDR3 operating voltage Vddio
charges the node A through the turned on switch element
T15, and charges the node B through the turned on switch
elements T16, T17 and T18, hence respectively pulling up
the potential levels at the node A and the node B. At this
point, for the node A, the switch element T11 is still turned
on, and so the ground voltage Vssio continues discharging
the node A to keep the node A at logic low “0” while keeping
the switch elements T16, T17 and T18 turned on. Further, a
voltage outl at the node B is charged by the DDR3 operating
voltage Vddio to pull up the voltage outl at the node B until
the voltage outl reaches the operating voltage Vddio (1.5V)
at logic high “1”.

As the voltage outl at the node B is at logic high “1”, the
switch element T20 is turned on and the switch element T19
is turned off. Thus, the first shift signal Ssfp outputted by the
output end of the up level shifter 111 is the first reference
voltage Vbp (0.4V) at logic low “0”.

When the input signal IN changes from logic low “0” to
logic high “1”, the inverted signal Sinv of the input signal IN
outputted by the inverter INV3 is at logic low “0”, and so the
switch element T11 is turned off, whereas the non-inverted
signal Snon of the input signal IN outputted by the inverter
INVS is at logic high “1”, and so the switch elements T12
and T13 are turned on. Further, the control end of the switch
element T14 is coupled to the second reference voltage Vbn
(1.1V) and is at logic high “1”, and so the switch element
T14 is turned on.

At this point, the node A is still at logic low “0”, and the
switch elements T15, T16 and T17 are kept turned on.
However, as the switch element T11 is turned off, i.e., the
ground voltage Vssio stops discharging the node A, the
voltage at the node A gradually rises due to the turned on
switch element T15 until it reaches a threshold voltage, i.e.,
at logic high “1”, such that the switch elements T15, T16 and
T17 become turned off. Because the switch elements T16
and T17 are turned off, the DDR3 operating voltage Vddio
stops charging the node B.

At this point, the switch elements T12, T13 and T14 are
turned on, and the voltage outl at the node B becomes
discharged by the ground voltage Vssio to pull down the
voltage outl at the node B until the voltage outl reaches the
ground voltage Vssio (0V) and becomes logic low “0”. As
the voltage outl at the node B is at logic low “0”, the switch
element T20 is turned off and the switch element T19 is
turned on. Thus, the first shift signal Ssfp outputted by the
output end of the up level shifter 111 becomes the DDR3
operating voltage Vddio (1.5V) and is at logic high “1”.

When the input signal IN is kept stable at logic high “1”,
the switch elements T11, T15, T16 and T17 are kept turned
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off, the switch elements T12, T13 and T14 are turned on, and
the node B is discharged by the ground voltage Vssio to be
in logic low “0”. Further, the switch element T19 is turned
on, the switch element T20 is turned off, the DDR3 oper-
ating voltage Vddio charges the output end of the up level
shifter, and the first shift signal Ssfp outputs the operating
voltage Vddio (1.5V).

When the input signal IN changes from logic high “1” to
logic low “0”, the inverted signal Sinv of the input signal IN
outputted by the inverter INV3 is at logic high “1”, and so
the switch element T11 is turned on; whereas the non-
inverted signal Snon of the input signal IN outputted from
the inverter INV5 is at logic low “0”, and so the switch
elements T12 and T13 are turned off.

As the switch element T11 is turned on, the ground
voltage Vssio discharges the node A, and the node A
becomes logic low “0”. The switch elements T15, T16 and
T17 are turned on, and so the DDR3 operating voltage Vddio
(1.5V) charges the node B through the turned on switch
elements T16, T17 and T18.

With to the presence of the switch element T18, when the
switch elements T16 and T17 are turned on, the switch
elements T16 and T17 form a charging path, and the switch
elements T16 and T18 form another charging path. Thus, the
DDR3 operating voltage Vddio may charge the voltage outl
at the node B through these two charging paths. That is to
say, the presence of the switch element T18 protects and
prevents the switch element T17 from larger voltage stress.
Similarly, with the presence of the switch element T14,
when the switch elements T12 and T13 are turned on, the
ground voltage Vssio may discharge the voltage outl at the
node B through two discharging paths. That is, the presence
of the switch element T14 protects and prevents the switch
element T13 from large voltage stress.

It should be noted that, the voltage outl at the node B
changes between the ground voltage Vssio (0V) and the
DDR3 operating voltage Vddio (1.5V), and the first path end
of the switch element T19 is coupled to the DDR3 operating
voltage Vddio (1.5V). Thus, the switch element T19 needs
to adopt an 1O device to withstand larger voltage stress. The
first path end of the switch element T20 is coupled to the first
reference voltage Vbp (0.4V), and so the switch element T20
may adopt a core device. One person skilled in the art can
understand that, the other components of the up level shifter
111 may be core devices. For example, the inverters INV1
to INVS5 are disposed between the first operating voltage
Vsscore (0V) and the second operating voltage (1.1V), and
so may be implemented by core device. Since the switch
elements T11 and T15 are connected in series and disposed
between the DDR3 operating voltage Vddio (1.5V) and the
ground voltage Vssio (0V), and also with the presence of the
threshold voltage, the switch elements T11 and T15 may
also adopt core devices. Similarly, the switch elements T12,
T13, T14, T16, T17 and T18 may also adopt core devices.
That is to say, in the up level shifter 111, apart from the
switch element T19 that needs to adopt an 1O device, all the
other components may adopt core devices, so as to provide
a stronger driving capability and to reduce the semiconduc-
tor area.

FIG. 5 shows a circuit diagram of a down level shifter
according to an embodiment of the present invention. As
shown in FIG. 5, the down level shifter 112 also mainly
includes five inverters INV6 to INV10 and ten transistors
T21 to T30.

The five inverters INV6 to INV10 are disposed between
the first operating voltage Vsscore (0V) and the second
operating voltage Vddcore (1.1V) of the input signal IN, and
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are powered by the first operating voltage Vsscore and the
second operating voltage Vddcore. The inverter INV6 has its
input end coupled to the input signal IN. The inverters INV6
to INV8 are connected in series to output the inverted signal
Sinv of the input signal IN. The inverter INV9 has its input
end coupled to an output end of the inverter INV7 to connect
the inverters INV6, INV7, INV9 and INV10 in series and to
further output the non-inverted signal Snon of the input
signal IN.

The switch element T21 has its control end coupled to an
output end of the inverter INV8 to receive the inverted signal
Sinv of the input signal IN, and its first path end coupled to
the ground voltage Vssio.

The switch elements T22 and T23 have their control ends
coupled to an output end of the inverter INV10 to receive the
non-inverted signal Snon of the input signal IN. The switch
element T22 has its first path end coupled to the ground
voltage Vssio, and the switch element T23 has its first path
end coupled to a second path end of the switch element T22.

The switch element T24 has its control end coupled to the
second reference voltage Vbn, its first path end coupled to a
connecting node between the second path end of the switch
element T22 and the first path end of the switch element
T23, and its second path end coupled to the second path end
of the switch element T23.

The switch element T25 has its first path end coupled to
the DDR3 operating voltage Vddio, and its second path end
and control end coupled together and further coupled to the
second path end of the switch element T21. A connecting
node between the second path end and the control end of the
switch element T25 and the second path end of the switch
element T21 is defined as a node C.

The switch element T26 and the switch element T27 have
their control ends coupled to the node C. The switch element
T26 has its first path end coupled to the DDR3 operating
voltage, and the switch element T27 has its first path end
coupled to a second path end of the switch element T26.

The switch element T28 has its control end coupled to the
first reference voltage Vbp, its first path end coupled to a
connecting node between the first path end of the switch
element T27 and the second path end of the switch element
T26, and its second path end coupled to the second path end
of the switch element T27 and further coupled to the second
path end of the switch element T23 and the second path end
of the switch element T24. A connecting node between the
second path end of the switch element T28, the second path
end of the switch element T27, the second end of the switch
element T23 and the second path end of the switch element
T24 is defined as a node D.

The switch element T29 and the switch element T30 have
their control ends coupled to the node D. The switch element
T29 has its first path end coupled to the second reference
voltage Vbn. The switch element T30 has its first path end
coupled to the ground voltage Vssio, and its second path end
coupled to a second path end of the switch element T29. A
connecting node between the second path end of the switch
element T30 and the second path end of the switch element
T29 serves as the output end of the down level shifter 112
to output the second shift signal.

The switch elements T21, T22, T23, T24 and T30 are
second-type switch elements, i.e., PMOS ftransistors; the
switch elements T25, T26, T27, T28 and T29 are first-type
switch elements, i.e., NMOS transistors.

One person skilled in the art can understand that, oper-
ating principles of the down level shifter 112 in FIG. 5 are
similar to those of the up level shifter 111 in FIG. 4, with
difference being that the first path end of the switch element
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T29 is coupled to the second reference voltage Vbn and the
first path end of the switch element T30 is coupled to the
ground voltage Vssio. Thus, the second shift signal Ssfn
outputted by the down level shifter 112 switches between the
ground voltage Vssio (OV) and the second reference voltage
Vbn (1.1V). In the down level shifter 112, the switch
element T29 may adopt a core device, and the switch
element T30 needs to adopt an IO device to withstand
greater voltage stress. Similar to the up level shifter 111, the
other components in the down level shifter 112 may adopt
core devices, so as to have a stronger driving capability and
a smaller semiconductor area.

In the present invention, by designing different compo-
nent sizes for the up level shifter 111 and the down level
shifter 112, a non-overlapping area between the first shift
signal Ssfp outputted by the up level shifter 111 and the
second shift signal Ssfn outputted by the down level shifter
112 can be realized.

Again referring to FIG. 3, the first logic signal Sp and the
second signal Sn are obtained after a capacitive load process
is performed on the first shift signal Ssfp and the second shift
signal Ssfn by the up buffer unit 121 and the down buffer
unit 122, respectively. The first logic signal Sp, similar to the
first shift signal Ssfp, switches between the first reference
voltage Vbp (0.4V) and the DDR3 operating voltage Vddio
(1.5V). The second logic signal Sn, similar to the second
shift signal Ssfn, switches between the ground voltage Vssio
(0V) and the second reference voltage Vbn (1.1V). FIG. 6
shows a timing diagram of the first logic signal Sp and the
second logic signal Sn. As shown in FIG. 6, the first logic
signal Sp and the second logic signal Sn are similar to the
first shift signal Ssfp and the second shift signal Ssfn, and
also have a non-overlapping area, e.g., periods t1 and t3.

Referring to FIG. 3 and FIG. 6, before the period t1, the
first logic signal Sp and the second logic signal Sn are both
at logic low “0” (as shown by the first shift signal Ssfp and
the second shift signal Ssfn), the switch elements T1 to T3
in the pull-up circuit 131 are turned on, the pull-up circuit
131 operates, the DDR3 operating voltage Vddio charges the
connecting pad 101, and the pull-down circuit 132 does not
operate. Further, in the charging process, the switch ele-
ments T1 and T2 form a charging path, and the switch
elements T1 and T3 form another charging path, thereby
providing a stronger driving capability.

In the periods t1 to t3, i.e., in the non-overlapping area (as
shown by the first shift signal Ssfp and the second shift
signal Ssfn) of the first logic signal Sp and the second logic
signal Sn, the pull-up circuit 131 and the pull-down circuit
132 do not operate.

In the period t2, the first logic signal Sp and the second
logic signal Sn are both at logic high “1” (as shown by the
first shift signal Ssfp and the second shift signal Ssfn), the
switch elements T4 to T6 in the pull-down circuit 132 are
turned on, the pull-down circuit 132 operates, the ground
voltage Vssio discharges the connecting pad 101, and the
pull-up circuit 131 does not operate. Similarly, in the dis-
charging process, the switch elements T4 and T5 form a
charging path, and the switch elements T4 and T6 form
another charging path, thereby providing a stronger driving
capability.

It should be noted that, as the first logic signal Sp is a
square-wave signal formed by the first reference voltage
Vbp (0.4V) and the DDR3 operating voltage Vddio (1.5V),
the voltage differences between the conducting ends of the
components in the pull-up circuit 131 do not exceed 1.1V,
and so the components may adopt core devices. Similarly, as
the second logic signal Sn is a square-wave signal formed by
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the ground voltage Vssio (0V) and the second reference
voltage Vbn (1.1V), the components in the pull-down circuit
132 may adopt core devices.

In conclusion, in the signal transmission circuit 100
suitable for DDR of the present invention, only the up level
shifter 111 and the down level shifter 112 adopt IO devices
to correspondingly output the first shift signal Ssfp and the
second shift signal Ssfn, and other device may adopt core
devices. Therefore, the signal transmission circuit 100 suit-
able for DDR of the present invention has a stronger driving
capability and occupies a smaller semiconductor area. Fur-
ther, the up level shifter 111 and the down level shifter 112
may utilize the first reference voltage Vbn and the second
reference voltage Vbp to stably output the first shift signal
Ssfp and the second shift signal Ssfn, and thus have a higher
stability.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited thereto. On
the contrary, it is intended to cover various modifications
and similar arrangements and procedures, and the scope of
the appended claims therefore should be accorded the broad-
est interpretation so as to encompass all such modifications
and similar arrangements and procedures.

What is claimed is:

1. A signal transmission circuit suitable for DDR, adapted
to drive a connecting pad, said signal transmission circuit
comprising:

a level shifting circuit, comprising:

an up level shifter;

a down level shifter; and

wherein, the up level shift and the down level shifter
are disposed between a DDR operating voltage and
a ground voltage, receive an input signal, and cor-
respondingly output a first shift signal and a second
shift signal, respectively; the input signal comprises
a first operating voltage and a second operating
voltage, the first operating voltage is equal to the
ground voltage, and the second operating voltage is
smaller than the DDR operating voltage;

a buffer circuit, comprising:

an up buffer unit, disposed between the DDR operating
voltage and a first reference voltage, coupled to an
output of the up level shifter to receive the first shift
signal and to output a first logic signal according to
the first shift signal; and

a down buffer unit, disposed between the ground volt-
age and a second reference voltage, coupled to an
output of the down level shifter to receive the second
shift signal and to output a second logic signal
according to the second shift signal;

an output circuit, comprising:

a pull-up circuit, coupled between the DDR operating
voltage and the connecting pad, further coupled to
the up buffer unit to selectively output the DDR
operating voltage to the connecting pad according to
the first logic signal; and

a pull-down circuit, coupled between the ground volt-
age and the connecting pad, further coupled to the
down buffer unit to selectively output the ground
voltage to the connecting pad according to the sec-
ond logic signal;

wherein, the up level shifter and the down level shifter

adopt input and output (I0) devices to respectively

output the first shift signal and the second shift signal;
the up buffer unit, the down buffer unit, the pull-up
circuit and the pull-down circuit adopt core devices; the
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second reference voltage is equal to the second oper-
ating voltage, and the first reference voltage is a dif-
ference between the DDR operating voltage and the
second reference voltage,

wherein the up level shifter comprises:

a 1*" inverter;

a 27? inverter;

a 3% inverter;

a 47 inverter; and

a 57 inverter;

wherein, the 1 to 5% inverters are disposed between the
first operating voltage and the second operating voltage
of the input signal, the 1% inverter has its input end
coupled to the input signal, the 1%, 2" and 3’ inverters
are connected in series to output an inverted signal of
the input signal, the 4” inverter has its input end
coupled to an output end of the 2" inverter to cause the
1%, 279 4™ and 57 inverters to be connected in series to
output a non-inverted signal of the input signal;

an 117 switch element, comprising a control end, a first
path end and a second path end, the 11? switch element
having its control end coupled to an output end of the
3’7 inverter to receive the inverted signal of the input
signal, and its first path end coupled to the ground
voltage;

a 12 switch element, comprising a control end, a first
path end and a second path end, the 12% switch element
having its control end coupled to an output end of the
5% inverter to receive the non-inverted signal of the
input signal, and its first path end coupled to the ground
voltage;

a 13" switch element, comprising a control end, a first
path end and a second path end, the 13? switch element
having its control end coupled the control end of the
127 switch element and the output end of the 5%
inverter to receive the non-inverted signal of the input
signal, and its first path end coupled to the second path
end of the 127 switch element;

a 14™ switch element, comprising a control end, a first
path end and a second path end, the 14” switch element
having its control end coupled to the second reference
voltage, its first path end coupled to a connecting node
between the second path end of the 12 switch element
and the first path end of the 13 switch element, and its
second path end coupled to the second path end of the
137 switch element;

a 157 switch element, comprising a control end, a first
path end and a second path end, the 15% switch element
having its first path end coupled to the DDR operating
voltage, its second path end and control end coupled
together and further coupled to the second path end of
the 117 switch element, wherein a connecting node
between the second path end of the 15 switch element
and the second path end of the 11% switch element is
defined as a first node;

a 16" switch element, comprising a control end, a first
path end and a second path end, the 16” switch element
having its control end coupled to the first node, its first
path end coupled to the DDR operating voltage;

a 17 switch element, comprising a control end, a first
path end and a second path end, the 177 switch element
having its control end coupled to the first node, and its
path end coupled to the second path end of the 167
switch element;

an 18 switch element, comprising a control end, a first
path end and a second path end, the 187 switch element
having its control end coupled to the first reference
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voltage, its first path end coupled to a connecting node
between the first path end of the 177 switch element
and the second path end of the 16” switch element, its
second path end coupled to the second path end of the
17% switch element and further coupled to the second
path end of the 13? switch element and the second path
end of the 14” switch element, wherein a connecting
node between the second path end of the 18% switch
element, the second path end of the 177 switch ele-
ment, the second path end of the 13? switch element
and the second path end of the 14” switch element is
defined as a second node;

a 19” switch element, comprising a control end, a first
path end and a second path end, the 19? switch element
having its control end coupled to the second node, and
its first path end coupled to the DDR operating voltage;
and

a 207 switch element, comprising a control end, a first
path end and a second path end, the 207 switch element
having its control end coupled to the second node, its
first path end coupled to the first reference voltage, and
its second path end coupled to the second path end of
the 19 switch element, wherein a connecting node
between the second path end of the 20” switch element
and the second path end of the 19” switch element
serves as the output end of the up level shifter to output
the first shift signal;

wherein, the 117, 127 13% 14” and 20” switch elements
are second-type switch elements, the 157, 16, 17%,
18”7 and 19% switch elements are first-type switch
elements, and a type of the first-type switch elements is
opposite a type of the second-type switch elements.

2. The signal transmission circuit according to claim 1,

wherein:

the up level shifter comprises one of the 10 devices,
coupled to the DDR operating voltage, for outputting
the first shift signal; and the down level shifter com-
prises another of the IO devices, coupled to the ground
voltage, for outputting the second shift signal, so that
the up level shifter and the down level shifter withstand
most voltage stress of the signal transmission circuit.
3. The signal transmission circuit according to claim 1,

wherein:

during a charging process of the signal transmission
circuit, each of the pull-up circuit and the pull-down
circuit comprises two charging paths.

4. The signal transmission circuit according to claim 1,

wherein:

the pull-up circuit comprises:

a 1* switch element, comprising a control end, a first
path end and a second path end, the 1% switch
element having its control end coupled to an output
end of the up buffer unit via a first resistor to receive
the first logic signal, and its first path end coupled to
the DDR operating voltage;

a 2"? switch element, comprising a control end, a first
path end and a second path end, the 2"¢ switch
element having its control end coupled to the output
end of the up buffer unit to receive the first logic
signal, its first path end coupled to a second path end
of the 1% switch element, and its second path end
coupled to the connecting pad via a second resistor;

a 3’7 switch element, comprising a control end, a first
path end and a second path end, the 3" switch
element having its control end coupled to the first
reference voltage, its first path end coupled to a
connecting node between the second path end of the
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1° switch element and the first path end of the 2*¢
switch element, and its second path end coupled to a
connecting node between the second path end of the
274 switch element and the second resistor;

the pull-down circuit comprises:

a 4™ switch element, comprising a control end, a first
path end and a second path end, the 4” switch
element having its control end coupled to an output
end of the down buffer unit via a third resistor to
receive the second logic signal, and its first path end
coupled to the ground voltage;

a 5 switch element, comprising a control end, a first
path end and a second path end, the 5% switch
element having its control end coupled to the output
end of the down buffer unit to receive the second
logic signal, its first path end coupled to a second
path end of the 4” switch element, and its second
path end coupled to the connecting pad via a fourth
resistor;

a 6” switch element, comprising a control end, a first
path end and a second path end, the 6 switch
element having its control end coupled to the second
reference voltage, its first path end coupled to a
connecting node between the second path end of the
4™ switch element and the first path end of the 5%
switch element, and its second path end coupled to a
connecting node between the second path end of the
57 switch element and the fourth resistor;

wherein, the 1, 2 and 3’ switch elements are first-type

switch elements, the 4th, 57 and 67 switch elements are

second-type switch elements, and a type of the first-
type switch elements is opposite a type of the second-
type switch elements.

5. The signal transmission circuit according to claim 4,
wherein:

the pull-up circuit further comprises:

a 7% switch element, comprising a control end, a first
path end and a second path end, the 7% switch
element having its control end coupled to the control
end of the 3"/ switch element and the first reference
voltage, and its first path end and second path end
coupled to the DDR operating voltage; and

a 1* diode, having its anode coupled to a connecting
node between the second resistor and the fourth
resistor and the connecting pad, and its cathode
coupled to the DDR operating voltage; and

the pull-down circuit further comprises:

an 87 switch element, comprising a control end, a first
path end and a second path end, the 8" switch
element having its control end coupled to the control
end of the 6” switch element and the second refer-
ence voltage, and its first path end and second path
end coupled to the ground voltage; and

a 2 diode, having its anode coupled to the ground
voltage, and its cathode coupled to the connecting
node between the second resistor and the fourth
resistor and the connecting pad;

wherein, the 7% switch element is the first-type switch

element, and the 8” switch element is the second-type

switch element.

6. The signal transmission circuit according to claim 5,
wherein the 1%, 27¢, 37 and 77 switch elements are PMOS
transistors, and the 47, 57 6" and 8” switch elements are
NMOS transistors.

7. The signal transmission circuit according to claim 1,
wherein the 117, 127, 13”147 and 207 switch elements are

10

15

20

25

30

35

40

45

55

60

65

16
NMOS transistors, and the 157, 167, 177, 18" and 19”
switch elements are PMOS transistors.

8. The signal transmission circuit according to claim 1,
wherein the 19” switch element is one of the IO devices and
the 20 switch element is one of the core devices.

9. The signal transmission circuit according to claim 1,
wherein the down level shifter comprises:

a 67 inverter;

a 77 inverter;

an 87 inverter;

a 97 inverter; and

a 10” inverter;

wherein, the 67 to 10” inverters are disposed between the
first operating voltage and the second operating voltage
of the input signal, the 6% inverter has its input end
coupled to the input signal, the 6*, 7 and 8 inverters
are connected in series to output the inverted signal of
the input signal, the 9 inverter has its input end
coupled to an output end of the 7% inverter to cause the
6% 77 9% and 10” inverters to be connected in series
to output the non-inverted signal of the input signal;

a 21* switch element, comprising a control end, a first
path end and a second path end, the 21* switch element
having its control end coupled to an output end of the
8 inverter to receive the inverted signal of the input
signal, and its first path end coupled to the ground
voltage;

a 22"¥ switch element, comprising a control end, a first
path end and a second path end, the 22”7 switch element
having its control end coupled to an output end of the
10? inverter to receive the non-inverted signal of the
input signal, and its first path end coupled to the ground
voltage;

a 23’7 switch element, comprising a control end, a first
path end and a second path end, the 23"/ switch element
having its control end coupled to the control end of the
22" switch element and the output end of the 10
inverter to receive the non-inverted signal of the input
signal, and its first path end coupled to the second path
end of the 22”7 switch element;

a 24" switch element, comprising a control end, a first
path end and a second path end, the 24” switch element
having its control end coupled to the second reference
voltage, its first path end coupled to a connecting node
between the second path end of the 22"/ switch element
and the first path end of the 23’7 switch element, and its
second path end coupled to the second path end of the
23" switch element;

a 25" switch element, comprising a control end, a first
path end and a second path end, the 25% switch element
having its first path end coupled to the DDR operating
voltage, and its second path end and control end
coupled together and further coupled to the second path
end of the 21* switch element, wherein a connecting
node between the second path end and control end of
the 25” switch element and the second path end of the
21° switch element is defined as a third node;

a 267 switch element, comprising a control end, a first
path end and a second path end, the 26” switch element
having its control end coupled to the third node, and its
first path end coupled to the DDR operating voltage;

a 27" switch element, comprising a control end, a first
path end and a second path end, the 27% switch element
having its control end coupled to the third node, and its
first path end coupled to the second path end of the 26”
switch element;
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a 28" switch element, comprising a control end, a first
path end and a second path end, the 287 switch element
having its control end coupled to the first reference
voltage, its first path end coupled to a connecting node
between the first path end of the 277 switch element
and the second path end of the 26 switch element, and
its second path end coupled to the second path end of
the 277 switch element and further coupled to the
second path end of the 23" switch element and the
second path end of the 24” switch element, wherein a
connecting point between the second path end of the
28" switch element, the second path end of the 27”
switch element, the second path end of the 23" switch
element and the second path end of the 247 switch
element is defined as a fourth node;

a 29" switch element, comprising a control end, a first
path end and a second path end, the 29? switch element
having its control end coupled to the fourth node, and
its first path end coupled to the second reference
voltage; and

a 30” switch element, comprising a control end, a first
path end and a second path end, the 307 switch element
having its control end coupled to the fourth node, its
first path end coupled to the ground voltage, and its
second path end coupled to the second path end of the
29 switch element, wherein a connecting node of the
second path end of the 30” switch element and the
second path end of the 29” switch element serves as the
output end of the down level shifter to output the
second shift signal;

wherein, the 217, 2279, 237 247 and 30” switch elements
are second-type switch elements, the 257, 267, 27%
28” and 29% switch elements are first-type switch
elements, and a type of the first-type switch elements is
opposite a type of the second-type switch elements.

10. The signal transmission circuit according to claim 9,
wherein the 21%, 2279, 23" 24" and 307 switch elements
are NMOS transistors, and the 257, 267, 277, 28" and 29
switch elements are PMOS transistors.

11. The signal transmission circuit according to claim 9,
wherein the 30 switch element is an 10 device and the 29
switch element is a core device.

12. A signal transmission circuit suitable for DDR,
adapted to drive a connecting pad, said signal transmission
circuit comprising:

a level shifting circuit, comprising:

an up level shifter;

a down level shifter; and

wherein, the up level shift and the down level shifter
are disposed between a DDR operating voltage and
a ground voltage, receive an input signal, and cor-
respondingly output a first shift signal and a second
shift signal, respectively; the input signal comprises
a first operating voltage and a second operating
voltage, the first operating voltage is equal to the
ground voltage, and the second operating voltage is
smaller than the DDR operating voltage;
a buffer circuit, comprising:
an up buffer unit, disposed between the DDR operating
voltage and a first reference voltage, coupled to an
output of the up level shifter to receive the first shift
signal and to output a first logic signal according to
the first shift signal; and

a down buffer unit, disposed between the ground volt-
age and a second reference voltage, coupled to an
output of the down level shifter to receive the second
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shift signal and to output a second logic signal
according to the second shift signal;

an output circuit, comprising:

a pull-up circuit, coupled between the DDR operating
voltage and the connecting pad, further coupled to
the up buffer unit to selectively output the DDR
operating voltage to the connecting pad according to
the first logic signal; and

a pull-down circuit, coupled between the ground volt-
age and the connecting pad, further coupled to the
down buffer unit to selectively output the ground
voltage to the connecting pad according to the sec-
ond logic signal;

wherein, the up level shifter and the down level shifter
adopt input and output (I0) devices to respectively
output the first shift signal and the second shift signal;
the up buffer unit, the down buffer unit, the pull-up
circuit and the pull-down circuit adopt core devices; the
second reference voltage is equal to the second oper-
ating voltage, and the first reference voltage is a dif-
ference between the DDR operating voltage and the
second reference voltage,

wherein the down level shifter comprises:

a 67 inverter;

a 77 inverter;

an 8 inverter;

a 97 inverter; and

a 107 inverter;

wherein, the 67 to 10” inverters are disposed between the
first operating voltage and the second operating voltage
of the input signal, the 6% inverter has its input end
coupled to the input signal, the 6*, 7 and 8" inverters
are connected in series to output the inverted signal of
the input signal, the 9 inverter has its input end
coupled to an output end of the 7 inverter to cause the
67 7% 9% and 107 inverters to be connected in series
to output the non-inverted signal of the input signal;

a 21% switch element, comprising a control end, a first
path end and a second path end, the 21* switch element
having its control end coupled to an output end of the
8 inverter to receive the inverted signal of the input
signal, and its first path end coupled to the ground
voltage;

a 22"¥ switch element, comprising a control end, a first
path end and a second path end, the 22”7 switch element
having its control end coupled to an output end of the
107 inverter to receive the non-inverted signal of the
input signal, and its first path end coupled to the ground
voltage;

a 23" switch element, comprising a control end, a first
path end and a second path end, the 23"/ switch element
having its control end coupled to the control end of the
22" switch element and the output end of the 10
inverter to receive the non-inverted signal of the input
signal, and its first path end coupled to the second path
end of the 22”7 switch element;

a 24" switch element, comprising a control end, a first
path end and a second path end, the 24” switch element
having its control end coupled to the second reference
voltage, its first path end coupled to a connecting node
between the second path end of the 22" switch element
and the first path end of the 23 switch element, and its
second path end coupled to the second path end of the
237? gwitch element;

a 25" switch element, comprising a control end, a first
path end and a second path end, the 25% switch element
having its first path end coupled to the DDR operating
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voltage, and its second path end and control end
coupled together and further coupled to the second path
end of the 21* switch element, wherein a connecting
node between the second path end and control end of
the 25% switch element and the second path end of the
21°" switch element is defined as a third node;

a 26" switch element, comprising a control end, a first
path end and a second path end, the 26” switch element
having its control end coupled to the third node, and its
first path end coupled to the DDR operating voltage;
a 27" switch element, comprising a control end, a first
path end and a second path end, the 277 switch element
having its control end coupled to the third node, and its
first path end coupled to the second path end of the 26%
switch element;

a 28 switch element, comprising a control end, a first
path end and a second path end, the 28” switch element
having its control end coupled to the first reference
voltage, its first path end coupled to a connecting node
between the first path end of the 27% switch element
and the second path end of the 267 switch element, and
its second path end coupled to the second path end of
the 277 switch element and further coupled to the
second path end of the 23" switch element and the
second path end of the 24” switch element, wherein a
connecting point between the second path end of the
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28 switch element, the second path end of the 27
switch element, the second path end of the 23’ switch
element and the second path end of the 24” switch
element is defined as a fourth node;

a 297 switch element, comprising a control end, a first

path end and a second path end, the 29” switch element
having its control end coupled to the fourth node, and
its first path end coupled to the second reference
voltage; and

a 30” switch element, comprising a control end, a first

path end and a second path end, the 307 switch element
having its control end coupled to the fourth node, its
first path end coupled to the ground voltage, and its
second path end coupled to the second path end of the
29 switch element, wherein a connecting node of the
second path end of the 307 switch element and the
second path end of the 297 switch element serves as the
output end of the down level shifter to output the
second shift signal;

wherein, the 217, 227%, 237%, 24 and 307 switch elements

are second-type switch elements, the 25%, 267, 27%
28” and 29™ switch elements are first-type switch
elements, and a type of the first-type switch elements is
opposite a type of the second-type switch elements.
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